The principles previously developed for the production of nuclear envelopes from rat liver and hepatoma by Price et af. (1972) have been modified to enable this membrane material to be obtained rapidly from purified rat liver nuclei by using conventional centrifuge rotors rather than zonal rotors. The underlying factor which has been carried forward in the present method is that rat liver nuclei will swell and release their contents into solutions of low ionic strength in the absence of bivalent cations. A l m~ solution of NaHCOJ (pH7.2) has been used to bring about this release of chromatin (Harris, 1974). In the method of Price et al. (1972) nuclear envelopes were isolated by rate zonal centrifugation direct from the l OOOg nuclear pellet after homogenization in 1 m~-NaHCOj buffer and overnight incubation at 4°C. When applied to purified nuclei, the 1 ~M -N~H C O~ treatment alone is not satisfactory for producing nuclear envelopes since an unmanageable gel forms as the chromatin is released from the bursting nuclei. This gel can, however, be dissociated by a brief treatment with DNAase (deoxyribonuc1ease)I. Themethodgiven below outlines the details of a procedure which incorporates washing in 1 ~M -N~H C O , together with a DNAase I treatment, and leads to the production of intact nuclear 'ghosts' and large torn sheets of envelope from purified rat liver nuclei.
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All procedures were carried out at 4"C, unless stated to be otherwise. Purified nuclei were obtained from the livers of six Wistar rats after homogenization in 0.25~-sucrose2m~-MgCl,-lOm~-Tris-HCI (pH7.4) by using an Ultra-turrax type TP 18/2, and sedimentation of the l OOOg nuclear pellet through 2.2~-sucrose-l0m~-Tri~-HCI (pH7.4)at 100000gfor2hinaBeckmanS.W.27.1 rotorinanL265Bultracentrifuge.The pellets of nuclei were then washed twice at l OOOg for 5min in the homogenization buffer. The combined pellets of purified nuclei were taken as the starting material for the isolation of nuclear envelope.
The nuclei were resuspended in 40ml of I~M -N~C H O , (pH7.2) by shaking, and allowed to equilibrate for 5 min before centrifugingat 31 300g for 5 min in a Beckman JA-20 fixed-angle rotor in a 5-21 centrifuge. The pellet of slightly swollen nuclei was again resuspended in 1 ~M -N~H C O , by gentle syringing through a large-diameter needle, and re-centrifuged as above after a further equilibration period of Smin. A very swollen gelatinous pellet was obtained and this was dispersed by the addition of 1 mM-NaHC03 containing DNAase I (Sigma Chemical Co., London S.W.5, U.K., type DN-100) to give 40ml of suspension with an enzyme concentration of lO,ug/ml. This suspension was then incubated at room temperature (20°C) for 15-20min. During the incubation period the chromatin excaping from the burst nuclei is degraded by the DNAase, thus allowing the nuclear envelopes to become freely dispersed. The dissolution of the gelatinous state is extremely rapid and nuclear envelopes can be observed by phase-contrast microscopy to become freely suspended. The nuclear envelopes were then repeatedly washed in 40ml of 1 ~M -N~H C O , by centrifugation at 31 300g for 5min. The release of chromatin throughout this sequence is shown in Fig. 1 .
The nuclear envelopes from the final centrifugal wash were resuspended in 2ml of I~M -N~H C O , and centrifuged at 500g for 5min. The small discoloured pellet was discarded and the white supernatant layered over a discontinuous sucrose gradient made up of lOml of 2.0~-sucrose, lOml of 1.8M-sucrose, lOml of 1.5~-sucrose and 6ml of 0.25~-sucrose (all solutions made up in 1OmM-Tris-HC1, pH7.4). The gradient was then centrifuged for 90min in a Beckman S.W. 27.1 rotor at l00OOOg (27000rev./min) in an L2 65B ultracentrifuge. A major band of purified nuclear envelope formed at the 1.5M/1.8M-SUCrOSe interface during the centrifugation, as shown in Wash number Fig. 1 Release of chromatin from rat h e r nuclei throughout 1 mM-NaHCO, washes and
DNAase treatment
Results were calculated from the absorbance values at 260nm of the 31 300g supernatants. For details see the text. S, Sample.
Nuclear envelope was recovered from the absorptiometer effluent as 40-drop fractions or alternatively the membrane band was removed by hand from the gradients with a Pasteur pipette. Phase-contrast examination of this final membrane material revealed a free suspension of intact nuclear 'ghosts' and large sheets of torn envelope. The assessment was confirmed by electron microscopy by using thin sectioning and negativestaining after the removal of sucrose by washing twice with 1 m-NaHC03 at 31 3oOg for 5min. The absence of mitochondria, rough and smooth membrane vesicles is readily apparent, only sheets of membrane and intact nuclear 'ghosts' showing the characteristic nuclear pore complexes, which can be regarded as morphological markers of nuclear envelope, are present. Compounds of widely differing chemical structures induce drug-metabolizing enzymes and various morphological and biochemical changes which, after chronic administration, may lead to liver enlargement (Kunz et al., 1966) . Phenobarbitone also induces a reversible liver growth and chronic treatment with high dose amounts produces hyperplastic
